Abstract. The River Rother, West Sussex, is suffering from excess sediment which is smothering the river bed gravels. This is thought to be exacerbating issues of pollution and degradation of ecosystems. This project aims to identify the severity, extent, possible causes and potential mitigation options available to reduce these pressures on the river. Data have been collected from ten sites to investigate the amount of sediment stored in the river bed gravels and cores obtained from four small reservoirs to establish rates of sedimentation and contribute to the construction of a temporal sediment budget over the last 50-100 years. Evidence suggests that tributary streams have more stored sediment per m 2 upstream of their confluence with the River Rother compared to the Rother itself. Reservoir core data indicate that sediment has accumulated more rapidly in the small reservoirs surrounded by mixed agricultural land compared to one surrounded by ancient woodland. These are preliminary results and work is continuing.
Introduction
In the UK, some rivers are failing to meet the criteria for achieving Good Ecological Status (GES) as set out in the European Union (EU) Water Framework Directive (WFD) (Defra, 2014 ; Official Journal of the European Communities, 2000) . In many UK cases, including parts of the River Rother catchment, high sediment loads are the reason for failure to obtain GES (Environment Agency, 2016) . Sear (1996) reported that the bed of the River Rother in West Sussex, UK had changed from one historically dominated by gravel, to one currently dominated by fine sand. While fine sand smothers the gravels there is an added issue of silt and clay transporting nutrients and pollutants into the river (Collins et al., 2009 ). These sediment pressures have been identified as key variables likely to prevent the attainment of GES in the Rother; the specific sources and causes of the problem have yet to be fully evaluated.
Excessive sediment in waterways causes negative direct impacts such as high turbidity and the siltation of river beds (Collins and Walling, 2007) . High concentrations of sediment in the water column also have a number of indirect negative impacts on ecosystems, such as damaging fish gills and increasing eutrophication (Collins et al., 2010) . Excessive sediment input is frequently caused by soil erosion on agricultural fields, although it has been suggested that channel banks can also be a major contributor (Pulley et al., 2015) . The soil that erodes from fields can be delivered to waterways and roads where most negative impacts are felt (Boardman et al., 2003; Evans, 2010) . This impacts society with financial costs to local authorities, the public and industries which depend on having a healthy river and good communication networks (Collins et al., 2010) . Flood risk can be increased when soil erosion is increased. If soils are eroding into waterways it is usually due to an underlying issue with
Published by Copernicus Publications on behalf of the International Association of Hydrological Sciences. soil health. A reduced rate of water infiltration into the soil, or soil capping, increases the flashiness of surface runoff and increases sediment detachment and transport (Boardman and Favis-Mortlock, 2014) . If the soil has a reduced infiltration capacity, excess water can create muddy flows that run across the land and into rivers, thereby increasing flood magnitude (Boardman and Favis-Mortlock, 2014 ).
Catchment description
The River Rother catchment is located in West Sussex/Hampshire in the South of England ( Geologically, the area is underlain by Chalk and Lower Greensand of Cretaceous age and part of the Wealden group. The sandy soils developed on Cretaceous Greensand are naturally at high risk of erosion as they lack the cohesive bonding that silt and clay can provide (Evans, 1990) . There are 21 soil associations within the Rother catchment (Evans, 1990) . Seven of these soil associations are at "moderate" and "high" risk of soil erosion (Table 1) ; these cover ca. 64 % of the Table 1 . Soils at moderate (3) and high (4) risk of soil erosion within the Rother catchment (Evans, 1990 catchment. The topography is undulating with some locally steep areas and the altitude ranges from 0.4-250 m ODN. Average temperatures are between 6.2 and 15.1 • C and annual average rainfall is ∼ 826 mm (Met Office, 2014) . Land use consists of arable land covering ca. 28 % of the catchment area with crops of winter wheat, maize, salad vegetables, potatoes and turnips which are all high erosion risk crops (Boardman and Favis-Mortlock, 2014; South Downs National Park Authority, 2015) . Prior to the 1950s, the catchment was predominantly under permanent grazing. a number of small villages and towns (ca. 4 %) but no major urban centres (South Downs National Park Authority, 2015).
Aims and objectives
This project aims to identify the severity, extent, possible causes and potential mitigation options available to reduce sediment pressures on the River Rother. The objectives are;
1. To identify potential sediment sources and pathways for runoff and sediment transfer into the river system.
2. To reconstruct partial sediment budgets in the catchment over the last ca. 100 years.
3. To evaluate a range of sediment mitigation options that might be employed to control sediment delivery to rivers from sources and pathways identified in objectives 1 and 2.
Methods -river bed sediment sampling
In order to investigate the potential sources of sediment being carried by the River Rother and stored in, or smothering the substrate gravels, ten monitoring/sampling stations were selected. Stations include four along the main stem of the Rother, four on the Lod and Hammer streams, and two on small unnamed right bank tributaries, at Dumpford and Selham ( Fig. 1) . At each site, a 10 L time integrated tube sampler was installed to collect suspended sediment at two month intervals (Phillips et al., 2000) . At all sites except one, a river bed disturbance technique was used to take samples of the fine sediment deposited in the gravels (Collins and Walling, 2007) . These samples will be compared with characteristics of potential sediment sources.
Coring
Sediment deposited in reservoirs (which are man-made, some for Medieval iron works) and floodplains can provide historical data as sediment transported by the rivers and streams settles at the bottom of receptors or on floodplains after a flood event (Pittam et al., 2008; Walling et al., 2008) . Furnace Pond, Hammer Pond, Lurgashall Mill Pond and Inholms Pond (Fig. 1) were cored using either a Mackereth or a Russian Corer (Foster et al., 1998) . Cores obtained reached depths of between 80 and 210 cm.
Preliminary results -river bed storage
Average bed sediment storage was estimated and results are shown in Fig. 2 . In a study by Naden et al. (2016) , the national range of stored sediment was found to lie between 6 and 4562 g m −2 (median 181 g m −2 ), with a similar range confirmed in an independent study in the UK by Collins and Walling (2007) . It appears that all of the stored sediment estimates plotted in Fig. 2 are high compared with these studies, further suggesting that issues exist with stored sediment in this catchment irrespective of whether the sediment is also carrying any contaminants associated with it.
The site at Stodham has lower stored sediment compared to the rest of the monitoring sites indicating fewer sediment pressures in this headwater area, although sedimentassociated pollution may possibly be a problem and is being investigated further. Most tributaries immediately upstream of their confluence with the Rother have high levels of stored sediment compared to Stodham and to the Hammer Stream immediately downstream of the Hammer Pond (Fig. 2) . The river bed immediately downstream of the Hammer Pond had low fine sediment storage but the amount trapped rapidly increased immediately downstream of the Hammer Lane road bridge and exceeded average storage values for the main Rother channel. With the exception of the Hammer Stream, most tributaries appear to have similar amounts of sediment stored in channel beds.
Reservoir sediment coring
The Hammer Pond receives inflows from a mixed agricultural sub-catchment with arable, grazing and some woodland. Over 80 cm of sediment has accumulated in the Hammer Pond and Furnace Pond since 1954 (Fig. 3a, b) and over 150 cm in Lurgashall Mill Pond (Fig. 3c) . These are some of the highest rates of sedimentation reported in the UK (Rose et al., 2010) .
Inholms Pond is also in the Hammer Stream subcatchment but is mostly forested with only a small area of permanent grazing land in the central area. Therefore, Inholms is being used as a reference catchment for comparison with other sites as it is relatively undisturbed. Sedimentation rates at Inholms Pond (Fig. 3d) are about half those of the Hammer and Furnace Ponds within the same time frame.
Conclusions and future work
This project is still in progress so conclusions are tentative. The river bed sediment storage data indicates that the Hammer Stream is accumulating more sediment per m 2 than the Rother itself. However identifying sources of the sediment in tributaries is key to understanding the sediment transport processes and accumulation in the Rother. Sediment source sampling is still in progress and will be analysed with a sediment unmixing model to determine provenance of the sediment in the waterways (Pulley et al., 2015) . Sediment properties that will be used in this model include; particle size, mineral magnetism, radionuclides and sediment geochemistry.
The core data indicates that sediment accumulation is much higher in small reservoirs which receive sediment from mixed agricultural land as opposed to one surrounded by for- 
Data availability
The complete data set will be made public on the South Downs National Park (the funder) web site as an educational and research resource.
